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(57) 	 ABSTRACT 
An inductive position sensor uses three parallel inductors, 
each of which has an axial core that is an independent mag-
netic structure. A first support couples first and second induc-
tors and separate them by a fixed distance. A second support 
coupled to a third inductor disposed between the first and 
second inductors. The first support and second support are 
configured for relative movement as distance changes from 
the third inductor to each of the first and second inductors. An 
oscillating current is supplied to the first and second induc-
tors. A device measures a phase component of a source volt-
age generating the oscillating current and a phase component 
of voltage induced in the third inductor when the oscillating 
current is supplied to the first and second inductors such that 
the phase component of the voltage induced overlaps the 
phase component of the source voltage. 
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INDUCTIVE POSITION SENSOR 
	
inductor via a second electrical conductor arrangement for 
measuring a phase component of voltage induced in the third 
CROSS-REFERENCE TO RELATED 
	
inductor when the oscillating current is supplied to the first 
APPLICATIONS 
	
inductor and second inductor so that the phase component of 
5 the voltage induced is approximately equal to the phase com- 
This application is a continuation-in-part of U.S. applica- 	 ponent of an oscillating voltage used to generate the oscillat- 
tion Ser. No. 12/961,344, filed Dec. 6, 2010, which claims 	 ing current. The first electrical conductor arrangement and 
benefitunder35 U.S.C. §119(e) of U.S. Provisional Applica- 	 second electrical conductor arrangement have fixed capaci- 
tion Ser. No. 61/267,130, filed on Dec. 7, 2009, the contents 	 tance therebetween during the relative movement between 
of which are incorporated herein by reference. 	 10 the first and second supports. 
ORIGIN OF INVENTION 
	 BRIEF DESCRIPTION OF THE DRAWINGS 
The invention described herein was made in the perfor- 	 The features and advantages of the present invention will 
mance of work under a NASA contract and by an employee of 15 become apparent from the following detailed description of a 
the United States Government and is subject to the provisions 	 preferred embodiment thereof, taken in conjunction with the 
of Public Law 96-517 (35 U.S.C. §202) and may be manu- 	 accompanying drawing, in which: 
factured and used by or for the Government for governmental 
	
FIG. 1 is a schematic view of three inductors used in an 
purposes without the payment of any royalties thereon or 	 inductive position sensor in accordance with an embodiment 
therefore. 	 20 of the present invention; 
FIG. 2 is a schematic view of the inductive position sensor 
BACKGROUND OF THE INVENTION 	 with current source and voltage measurement devices 
coupled thereto in accordance with an embodiment of the 
1. Field of the Invention 	 present invention; 
The present invention is directed to position sensors, and 25 	 FIG. 3 is a schematic view of the inductive position sensor 
more particularly to an inductive position and tilt sensor using 	 with current source and voltage measurement devices 
three parallel inductors coupled to drive and measurement 	 coupled thereto in accordance with another embodiment of 
devices to achieve null point compensation. 	 the present invention; 
2. Description of Related Art 	 FIG. 4 is a schematic view of the inductive position sensor 
A variety of position sensors are known in the art. 30 configured with null point compensation in accordance with 
Examples include capacitance-based position sensors, laser- 	 an embodiment of the present invention; 
based position sensors, eddy-current sensing position sen- 	 FIG. 5 is a schematic view of an inductive tilt sensor 
sors, and linear displacement transducer-based position sen- 	 configured with null point compensation in accordance with 
sors. While each type of position sensor has its advantages, 	 an embodiment of the present invention; and 
each also presents disadvantages for some applications. For 35 	 FIG. 6 is a schematic view of an inductive tilt sensor 
example, the size of capacitors can make their use impractical 	 configured with null point compensation in accordance with 
when the position sensor must be small in size. The same is 	 another embodiment of the present invention. 
true for linear displacement transducers. The complexity and/ 
or cost of laser-based sensors and eddy-current-based sensors 	 DETAILED DESCRIPTION OF THE INVENTION 
can negate their advantages in a number of applications. 	 40 
Referring now to the drawings and more particularly to 
BRIEF SUMMARY OF THE INVENTION 
	
FIG. 1, an inductive position sensor in accordance with an 
embodiment of the present invention is shown and is refer- 
The present invention is directed to an inductive position 	 enced generally by numeral 10. For clarity of illustration, 
sensor that uses three inductors, each of which has an axial 45 only the mechanical aspects of three inductors used in induc- 
core that is an independent magnetic structure. A first support 	 tive position sensor 10 are illustrated in FIG. 1. The electrical 
is coupled to a first inductor and a second inductor for sepa- 	 and other construction aspects in various embodiments of 
rating them by a fixed distance with a respective first axial 
	
inductive position sensor 10 will be presented later herein. 
core and second axial core maintained parallel to one another. 	 Inductive position sensor 10 uses spaced-apart and adja- 
A second support is coupled to a third inductor for disposing 50 cent inductors 12, 14, and 16. For purposes of the present 
it between the first and second inductor with the third induc- 	 invention, each of inductors 12, 14, and 16 is an independent 
tor's axial core maintained parallel to the first and second 
	
inductor structure defined by a coil of wire (not shown) 
axial cores. The first, second and third inductors are immersed 	 wrapped about its own separate and mechanically indepen- 
in a common medium, such as air, wherein the three inductors 	 dent ferromagnetic core 12C, 14C, and 16C, respectively, in 
are inductively coupled through the common medium. The 55 accordance with constructions well known and understood in 
first support and second support are configured for relative 	 the art. That is, each of magnetic cores 12C, 14C, and 16C is 
movement therebetween wherein the first axial core, second 	 an individual magnetic structure. The inductors used in the 
axial core, and third axial core remain parallel to one another 	 present invention are cylindrical type inductors and are not 
during such relative movement as distance changes from the 	 torroidal inductors. The inductors' coils are omitted from the 
third inductor to each of the first inductor and second induc-  60 figures for clarity of illustration. However, as is also well 
tor. A source supplies an oscillating current to the first induc- 	 known and understood in the art, an imaginary axis extending 
tor and second inductor via a first electrical conductor 	 through a cylindrical inductor's ferromagnetic core wrapped 
arrangement so that a polarity of the oscillating current sup- 	 by its coil defines an inductor's longitudinal axis that is ref- 
plied to the first inductor is opposite to a polarity of the 	 erenced in each inductor 12, 14, and 16 by a dashed line 12A, 
oscillating current supplied to the second inductor. A device 65 14A, and 16A, respectively. In accordance with the present 
coupled to the source measures a phase component of the 	 invention, inductors 12, 14, and 16 are positioned such that 
oscillating current. The device is further coupled to the third 	 their longitudinal axes 12A, 14A, and 16A are parallel to one 




another and lie within a common plane, e.g., the plane of the 	 invention have yielded the unexpected result that the voltage 
paper in the illustrated example. 	 induced in inductor 14 is highly linear as the air (or other 
Each of inductors 12, 14, and 16 is an independent inductor 	 media of immersion) gaps between inductor 14 and inductors 
structure in that no magnetic material is shared by the induc- 	 12 and 16 change. This linear response minimizes output 
tors. That is to say, any inductive coupling of magnetic fields 5 processing requirements as a simple voltage measurement 
associated with each of inductors 12, 14, and 16 occurs only 	 indicates the relative positions of inductors 12, 14, and 16. 
through the medium (e.g., air) in which inductors 12, 14, and 	 Furthermore, a linear response means that the resolution of 
16 are immersed. This greatly simplifies construction ofposi- 	 the sensor will be approximately constant regardless of the 
tion sensor 10 since conventional off-the-shelf inductors can 	 position of inductor 14 relative to the combination of induc- 
be used. 	 io tors 12 and 16. This will be true regardless of whether induc- 
The outermost inductors 12 and 16 are mechanically fixed 	 tor 14 moves relative to inductors 12 and 16, or the fixed- 
in their relationship to one another by, for example, a support 	 relationship combination of inductors 12 and 16 moves 
20 that can be a specially-designed support or can be part of 	 relative to inductor 14. 
an object (not shown) whose position is to be sensed by sensor 	 Another electrical connection scenario for the present 
10. Inductor 14 disposed between inductors 12 and 16 can be 15 invention is presented in FIG. 3 where source 40 supplies an 
mechanically coupled to a support 22 that can be a specially- 	 oscillating current to just inner inductor 14 while voltage 
designed support or can be part of an object (not shown) 	 measurement device 50 is coupled to outer inductors 12 and 
whose position is to be sensed by sensor 10. Supports 20 and 
	
16. In this embodiment, a magnetic field 44 is produced by 
22 are configured for one-dimensional relative movement 	 inductor 14. Voltage measurement device 50 is coupled to 
therebetween such that inductor 14 experiences relative 20 inductors 12 and 16 such that induced voltage of one polarity 
movement with respect to the combination of inductors 12 
	
is measured at inductor 12, whereas the induced voltage of an 
and 16. Accordingly, support 20 could be stationary and sup- 	 opposing polarity is measured at inductor 16. The magnitudes 
port 22 could be configured for one-dimensional movement 	 of the measured voltages are indicative of the position of 
in the common plane defined by axes 12A, 14A, and 16A as 	 inductor 14 relative to inductors 12 and 16. Voltage measure- 
indicated by two-headed arrow 30. Alternatively, support 22 25 ment device 50 can be realized by a single device or two 
could be stationary and support 20 could be configured for 	 separate devices without departing from the scope of the 
one-dimensional movement in the common plane defined by 	 present invention. 
axes 12A, 14A, and 16A as indicated by two-headed arrow 	 The cylindrical inductors used in the various embodiments 
32. 	 of the present invention can be of any conventional design, 
The above-described mechanical aspects of inductive posi-  30 e.g., standard cylindrical, dumb-bell shaped, etc. Their physi- 
tion sensor 10 are incorporated with electrical features and 	 cal size and inductance can be selected to satisfy the require- 
additional construction features to provide position sensing 	 ments of a particular application. In general, the frequency of 
capability. The basic features of two possible electrical con- 	 the supplied oscillating current should be large enough such 
nection scenarios will be described with the aid of FIGS. 2 	 that the impedance of the current-driven inductor(s) is large 
and 3. For clarity of illustration, the above-described 35 comparedto theirtotal resistance. Further, forbest sensitivity, 
mechanical aspects are not illustrated in FIGS. 2 and 3. How- 	 the inductor(s) serving as the voltage measurement orpick-up 
ever, it is to be understood that these mechanical aspects are 	 inductors should be (magnetically) unshielded inductors. Of 
included in the electrical connection scenarios depicted in 	 course, all three of the inductors could be unshielded. The 
FIGS. 2 and 3. 	 outermost inductors 12 and 16 (or all three inductors) can be, 
Referring first to FIG. 2, a source 40 of an oscillating 4o but neednot be, identical in terms of their inductance value (to 
electric current is electrically coupled to the outermost induc- 	 within normal/acceptable tolerances) in order to simplify 
tors 12 and 16 so that they function as drive inductors. More 	 drive and/or measurement electronics. However, it is to be 
specifically, the electric current supplied to inductor 12 is of 	 understood that the present invention could be practiced using 
opposite polarity to that supplied to inductor 16. By way of 
	
inductors 12 and 16 having different inductance values, 
example, source 40 can be an oscillating voltage source that is 45 although this may require adjustments in one or more of drive 
used to generate a corresponding oscillating current when the 	 currents, inductor core materials, etc., to make the ultimate 
voltage is applied to an electric circuit that includes inductors 	 position sensor perform as needed. 
12 and 16. While source 40 is representative of one or more 	 When measuring small positive/negative amounts of posi- 
sources, the oscillating current supplied to inductors 12 and 	 tion change relative to a starting or null position, the inductive 
16 should be of the same magnitude and phase. As a result, 50 position sensor of the present invention must pass through a 
magnetic fields are produced by inductors 12 and 16, and 	 clearly defined null point. The problem of null point clarity, 
extend across the gap between inductors 12 and 16. The 	 and the solutions to this problem provided by the present 
magnetic field between inductors 12 and 14 is primarily pro- 	 invention, will be explained for the embodiment illustrated in 
duced by inductor 12 and is referenced by magnetic field lines 	 FIGS. 1 and 2 where the center inductor 14 is the pick-up 
42, while the magnetic field between inductors 14 and 16 is 55 inductor. As explained above, the magnetic fields produced 
primarily produced by inductor 16 and is referenced by mag- 	 by the two outer drive inductors vary linearly with position, 
netic field lines 46. Magnetic fields 42 and 46 decrease in a 	 ideally passing through a zero or null point. However, this null 
non-linear fashion with distance from respective axes 12A 	 point may not be stable (and may not even exist for some 
and 16A as would be understood in the art. 	 signal processing methods) as the center inductor is moved 
In the FIG. 2 embodiment, inner inductor 14 is the pick-up 6o back and forth. The lack of a clearly defined zero or null point 
inductor coupled to a voltage measurement device 50 (e.g., 	 is particularly important for applications that require knowl- 
meter, oscilloscope, etc.) capable of measuring voltage 	 edge of a "home" location (i.e., typically the zero point). 
induced in inductor 14 based on its position relative to drive 	 The cause of the unstable or missing null point is due to the 
inductors 12 and 16. That is, the induced voltage and its 	 presence of electric and magnetic fields at the center inductor 
polarity are indicative of the relative position of inductor 14 as 65 that are not in temporal phase with the magnetic fields gen- 
compared to inductors 12 and 16. While the drop-off in each 	 erated by the outer drive inductors coupled with the choice of 
of magnetic fields 42 and 46 is non-linear, tests of the present 	 signal processing method. For the inductive position sensor, 
US 9,170,086 B1 
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this result is brought about by two characteristics of the three 
inductor sensor. First, the center inductor is coupled to the 
outer inductors not only through the magnetic fields they 
generate, but also through the electric fields that they gener-
ate. In other words, they are not only inductively coupled, but 
capacitively coupled. When voltages are applied to the outer 
inductors causing current to flow, the voltages generate elec-
tric fields and the center inductor responds to those electric 
fields by generating a small voltage of its own. Secondly, the 
presence of any conductors in the area around the drive induc-
tors can generate eddy currents that affect the magnitude and 
phase of the primary magnetic fields. When an oscillating 
magnetic field sees a conductor, the free electrons in the 
conductor move in an attempt to cancel the field. This will not 
only reduce the magnetic field, but can cause a phase shift in 
the remaining magnetic field. 
To summarize, the capacitive and eddy current effects add 
alternating signals to the center inductor that are not in tem-
poral phase with the primary magnetic signal. Depending on 
the signal processing method used, these two effects cannot 
be canceled by simply translating the center inductor as there 
will always be a signal generated by the center inductor that 
prevents a null point from being clearly defined. 
To compensate for the missing null point, the inductive 
position sensor of the present invention employs certain con-
struction and processing details. Briefly, the inductive posi-
tion sensor is constructed so that capacitance between the 
electrical conductors coupled to the inductors is minimized or 
at least fixed during relative movement between the inner 
pick-up inductor and the outer drive inductors, and so that 
outside magnetic fields do not affect the inductors. In terms of 
processing, tests of the present invention showed that an 
absolute zero or null point can be observed by restricting 
voltage measurement to a single phase component of the 
pick-up inductor's output signal that overlaps with a single 
phase component of the oscillating voltage used in the gen-
eration of the oscillating current applied to the drive induc-
tors. An inductive position sensor embodying these construc-
tion and processing principles is illustrated schematically in 
FIG. 4 and is referenced generally by numeral 100. 
Sensor 100 includes leads 60 coupling source 40 to drive 
inductors 12 and 16 in order to support the application of an 
oscillating drive current thereto as explained above. Leads 62 
couple pick-up inductor to a measurement device that, in this 
embodiment, is a phase sensitive detection device 70. The 
oscillating voltage output of source 40 (used to generate the 
oscillating drive current for inductors 12 and 16) is also pro-
vided to phase sensitive detection device 70. To fix and/or 
minimize capacitance between leads 60 and 62 and the induc-
tors, leads 60 and 62 are maintained in fixed relationships as 
indicated schematically by a lead support 80 that can be 
implemented in a variety of ways without departing from the 
scope of the present invention. In addition to fixing positions 
of leads 60 and 62, lead support 80 can be configured to 
capacitively isolate leads 60 from leads 62 (e.g., create lead 
"paths" that do not overlap, provide shielding of the leads, 
etc.). This will allow sensor 100 to be calibrated for its inher-
ent capacitance effects that will then remain constant during 
relative movement of the sensor's pick-up inductor 14. Addi-
tionally, a magnetic material housing (e.g., mu-metal hous-
ing) 90 could be used to encase inductors 12, 14, and 16 to 
prevent the sensor's magnetic fields from interacting with 
nearby metal objects. The interaction with these metal objects 
causes the magnetic field to change phase and amplitude 
thereby shifting the null point. The use of a mu-metal shield 
6 
will minimize this source of instability thereby allowing the 
null point to remain in a fixed "location" between the drive 
inductors. 
As mentioned above, the signal processing should be done 
5 by choosing a phase component of the drive signal from 
source 40 that overlaps substantially with a phase component 
of the output signal generated by pick-up inductor 14. The 
selected phase component will change phase as the pick-up 
inductor is moved back and forth thereby identifying/locating 
l0 
a zero or null point. This point will be due, not only to the 
magnetic fields generated by the drive inductors 12 and 16, 
but also by eddy current and capacitive effects. However, if 
these effects are stable (during relative movement of pick-up 
15 inductor 14) owing to the above-described construction con-
straints, then these effects will manifest as offsets and slope 
changes and the sensor will operate as a highly sensitive 
position sensor with a well-defined null point. 
The present invention can be further adapted to provide a 
20 precision tilt sensor. In general, inductive position sensor 100 
can be the basis for a tilt sensor when the pick-up inductor is 
supported by springs or a spring material. Two exemplary 
embodiments of such a tilt sensor will be described with the 
aid of FIGS. 5 and 6 where the previously-described elements 
25 common with inductive position sensor 100 are indicated 
using common reference numerals. Referring first to tilt sen-
sor 200 illustrated in FIG. 5, pick-up inductor 14 is supported 
between drive inductors 12 and 16 by springs 202 and 204. 
One end of each spring 202 and 204 is coupled to inductor 14, 
30 
while the other end of each spring is coupled to a fixed support 
203 and 205, e.g., a support housing, inductors 12 and 16 that 
are fixed relative to inductor 14, etc. As sensor 200 is tilted in 
a plane aligned with inductors 12, 14, and 16 as indicated by 
35 two-headed arrow 206, the force of gravity will cause pick-up 
inductor 14 to move towards one drive inductor or the other 
thereby producing a signal that indicates the degree of tilt. In 
FIG. 6, tilt sensor 300 has leads 62 supported on a leaf spring 
302 that is fixed at 304. As in the previous example, as sensor 
40 300 is tilted in a plane aligned with inductors 12, 14, and 16 as 
indicated by two-headed arrow 306, the force of gravity will 
cause pick-up inductor 14 to move towards one drive inductor 
or the other thereby producing a signal that indicates the 
degree of tilt. 
45 	 The inductive position sensor of the present invention has 
an inherent third order component that can be used to linear-
ize the output of the tilt sensor. The mathematics of this 
linearization can be explained as follows. Assume the signal 
picked up by inductor 14 from one of the drive inductors 
50 varies as b/(d+x) where b is a scaling parameter, d is half of 
the distance between the two drive inductors and x is the 
distance from the halfway point between the drive inductors. 
The signal picked up from the other drive inductor varies as 
-b/(d-x). Adding these and expanding to third order yields an 
55 expression for the output voltage of the position sensor 
2b 2 3 
v= dx + d4 x 
60 
This third order effect has been demonstrated experimentally. 
When used as a tilt sensor, the displacement of the center 
pick-up inductor will vary proportional to sin(t) since this is a 
component of the force of gravity that is perpendicular to the 
65 spring(s). Mathematically 
xfsin(t) ft-(f/6)t3 
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where f incorporates the force of gravity and the spring con- 
stant. Substituting the third order expansion shown for x into 
the equation for v, and only keeping terms to third order yields 
2bf ~ d42bf bf d v = 	 ,, 	 3d 
Note that the coefficient to the third order term can be sub- 10 
stantially reduced or eliminated by adjusting d or f. For 
example, the distance between the drive inductors can be 
adjusted or the pick-up inductor mass or the spring constant 
can be modified. Such adjustment allows the third order term 
to be reduced or eliminated to yield a tilt sensor that is linear 15 
in angle (not the sine of an angle) out to about ±70 degrees. 
Without these adjustments, the tilt sensor would only be 
linear to approximately ±30 degrees. 
The advantages of the present invention are numerous. The 
position sensor and its drive/measurement electronics are 20 
simple to design and construct using conventional off-the-
shelf components. The sensor's null point compensation fea-
tures and linear operating range guarantee high precision. The 
sensors can be adapted to a variety of small-scale and large-
scale applications to include those requiring linear position 25 
sensing and tilt position sensing. 
Although the present invention has been disclosed in terms 
of a number of preferred embodiments, it will be understood 
that numerous modifications and variations could be made 
thereto without departing from the scope of the invention as 30 
defined by the following claims. 
We claim: 
1. An inductive position sensor, comprising: 
• first inductor having a first axial core; 
• second inductor having a second axial core; 	 35 
• third inductor having a third axial core; 
each of said first axial core, said second axial core, and said 
third axial core being an independent magnetic struc-
ture; 
• first support coupled to said first inductor and said second 40 
inductor for separating said first inductor and said sec-
ond inductor by a fixed distance with said first axial core 
and said second axial core maintained parallel to one 
another; 
• second support coupled to said third inductor for dispos- 45 
ing said third inductor between said first inductor and 
said second inductor with said third axial core main-
tained parallel to said first axial core and said second 
axial core; 
said first inductor, said second inductor, and said third 50 
inductor immersed in a common medium wherein said 
first inductor, said second inductor, and said third induc- 
tor are inductively coupled through said common 
medium; 
said first support and said second support configured for 55 
relative movement therebetween wherein said first axial 
core, said second axial core, and said third axial core 
remain parallel to one another during said relative move-
ment as distance changes from said third inductor to 
each of said first inductor and said second inductor; 60 
• first electrical conductor arrangement coupling said first 
inductor to said second inductor; 
• second electrical conductor arrangement coupled to said 
third inductor; 
• source for supplying an oscillating voltage to said first 65 
electrical conductor arrangement wherein an oscillating 
current is supplied to said first inductor and said second 
8 
inductor and wherein a polarity of said oscillating cur-
rent supplied to said first inductor is opposite to a polar-
ity of said oscillating current supplied to said second 
inductor; 
a device coupled to said source for measuring a phase 
component of said oscillating voltage, said device fur-
ther coupledto said second electrical conductor arrange-
ment for measuring voltage induced in said third induc-
tor when said oscillating current is supplied to said first 
inductor and said second inductor wherein measurement 
of said induced voltage is restricted by said device to a 
phase component of said induced voltage that overlaps 
said phase component of said oscillating voltage; and 
said first electrical conductor arrangement and said second 
electrical conductor arrangement having fixed capaci-
tance therebetween during said relative movement. 
2. An inductive position sensor as in claim 1, wherein said 
first electrical conductor arrangement is capacitively isolated 
from said second electrical conductor arrangement. 
3. An inductive position sensor as in claim 1, further com-
prising at least one spring coupled to said third inductor. 
4. An inductive position sensor as in claim 3 wherein, when 
said phase component of voltage induced in said third induc-
tor inherently includes a third order component as a function 
of its position, a distance between said first inductor and said 
second inductor and a spring constant of said at least one 
spring are selected to reduce said third order component. 
5. An inductive position sensor as in claim 1, further com-
prising a spring coupled to said third inductor and said second 
electrical conductor arrangement. 
6. An inductive position sensor as in claim 5 wherein, when 
said phase component of voltage induced in said third induc-
tor inherently includes a third order component as a function 
of its position, a distance between said first inductor and said 
second inductor and a spring constant of said spring are 
selected to reduce said third order component. 
7. An inductive position sensor as in claim 1, further com-
prising a housing encasing said first inductor, said second 
inductor, and said third inductor, said housing being made 
from a magnetic shielding material. 
8. An inductive position sensor as in claim 1, wherein at 
least one of said first inductor, said second inductor, and said 
third inductor comprises an unshielded inductor. 
9. An inductive position sensor as in claim 1, wherein each 
of said first inductor, said second inductor, and said third 
inductor comprises an unshielded inductor. 
10. An inductive position sensor as in claim 1, wherein said 
first inductor and said second inductor have the same induc-
tance value. 
11. An inductive position sensor as in claim 1, wherein said 
first inductor, said second inductor, and said third inductor 
have the same inductance value. 
12. An inductive position sensor, comprising: 
an unshielded first inductor having a first axial core; 
an unshielded second inductor having a second axial core; 
an unshielded third inductor having a third axial core; 
each of said first axial core, said second axial core, and said 
third axial core being an independent magnetic struc- 
ture; 
each of said first inductor, said second inductor, and said 
third inductor having the same inductance value; 
• housing encasing said first inductor, said second inductor, 
and said third inductor, said housing being made from a 
magnetic shielding material; 
• first support coupled to said first inductor and said second 
inductor for separating said first inductor and said sec- 
US 9,170,086 B1 
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and inductor by a fixed distance with said first axial core 
and said second axial core maintained parallel to one 
another; 
a second support coupled to said third inductor for dispos-
ing said third inductor between said first inductor and 
said second inductor with said third axial core main-
tained parallel to said first axial core and said second 
axial core; 
said first inductor, said second inductor, and said third 
inductor immersed in a common medium wherein said 
first inductor, said second inductor, and said third induc-
tor are inductively coupled through said common 
medium; 
said first support and said second support configured for 
relative movement therebetween wherein said first axial 
core, said second axial core and said third axial core 
remain parallel to one another during said relative move-
ment as distance changes from said third inductor to 
each of said first inductor and said second inductor; 
a first electrical conductor arrangement coupling said first 
inductor to said second inductor; 
a second electrical conductor arrangement coupled to said 
third inductor; 
a source for supplying an oscillating voltage to said first 
electrical conductor arrangement wherein an oscillating 
current is supplied to said first inductor and said second 
inductor and wherein a polarity of said oscillating cur-
rent supplied to said first inductor is opposite to a polar-
ity of said oscillating current supplied to said second 
inductor; 
a device coupled to said source for measuring a phase 
component of said oscillating voltage, said device fur- 
10 
ther coupledto said second electrical conductor arrange-
ment for measuring voltage induced in said third induc-
tor when said oscillating current is supplied to said first 
inductor and said second inductor wherein measurement 
5 of said induced voltage is restricted by said device to a 
phase component of said induced voltage that overlaps 
said phase component of said oscillating voltage; and 
said first electrical conductor arrangement and said second 
electrical conductor arrangement having fixed capaci-
tance therebetween during said relative movement. 
13. An inductive position sensor as in claim 12, wherein 
said first electrical conductor arrangement is capacitively iso-
lated from said second electrical conductor arrangement. 
14. An inductive position sensor as in claim 12, further 
i5 
comprising at least one spring coupled to said third inductor. 
15. An inductive position sensor as in claim 14 wherein, 
when said phase component of voltage induced in said third 
inductor inherently includes a third order component as a 
20 function of its position, a distance between said first inductor 
and said second inductor and a spring constant of said at least 
one spring are selected to reduce said third order component. 
16. An inductive position sensor as in claim 12, further 
comprising a spring coupled to said third inductor and said 
25 
second electrical conductor arrangement. 
17. An inductive position sensor as in claim 16 wherein, 
when said phase component of voltage induced in said third 
inductor inherently includes a third order component as a 
function of its position, a distance between said first inductor 
30 
and said second inductor and a spring constant of said spring 
are selected to reduce said third order component. 
